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Figure 1. Architecture of the dynamic model for the housing stock. NOQ=
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3.1. Dynamic material flow assessment of the housing stock NOS=
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Figure 2. Demand for housing floor area in England. Historical values were obtained from the Department for NRR=
Communities and Local Government (2016, 2017). Future projections are represented assuming a change from NRS=
–30% to +30% of current values of floor area per capita until 2050. NRT=
=NRU=
3.1.2. New and demolished buildings NRV=
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îÉêó=çäÇ=ÄìáäÇáåÖëK=qÜÉ=ÇÉí~áäëI=é~ê~ãÉíÉê=Éëíáã~íáçåI=~åÇ=~ëëìãéíáçåë=ìëÉÇ=íç=ãçÇÉä=ÇÉãçäáíáçå=ê~íÉë=NSU=
~êÉ=éêçîáÇÉÇ=áå=ëÉÅíáçå=N=çÑ=ëìééäÉãÉåí~êó=áåÑçêã~íáçå=ÑáäÉK=NSV=
= 𝐵+,-,' = D𝑆'01,- 𝛾𝛼 G𝑡𝛼HI01J-KL = EPF=
qÜÉ=ëÜ~éÉ=(𝛾)=~åÇ=ëÅ~äÉ=(𝛼)=é~ê~ãÉíÉêë=çÑ=íÜÉ=tÉáÄìää=ÇáëíêáÄìíáçå=Å~å=ÄÉ=Éëíáã~íÉÇ=Ñêçã=ÜáëíçêáÅ~ä=Ç~í~=NTM=
çÑ=ÜçìëáåÖ=ëíçÅâ=EaÉé~êíãÉåí=Ñçê=` çããìåáíáÉë=~åÇ=içÅ~ä=dçîÉêåãÉåíI=OMNSI=OMNTFK=rëáåÖ=íÜáë=ÜáëíçêáÅ~ä=NTN=
Ç~í~I=íÜÉ=é~ê~ãÉíÉêë=Ñçê=íÜÉ=båÖäáëÜ=ÇçãÉëíáÅ=ÜçìëáåÖ=ëíçÅâ=Ü~îÉ=ÄÉÉå=Éëíáã~íÉÇ=Äó=êÉÖêÉëëáçå=~åÇ=íÜÉëÉ=NTO=
~êÉ=ëÜçïå=áå=êçï=_=çÑ=q~ÄäÉ=NK=^äíÜçìÖÜ=íÜÉëÉ=î~äìÉë=~êÉ=ïáíÜáå=íÜÉ=ê~åÖÉë=Éëíáã~íÉÇ=Äó=lb`a=EOMMVF=NTP=
= S=
Ñçê=íÜÉ=ÄìáäÇáåÖ=ëíçÅâ=áå=íÜÉ=kÉíÜÉêä~åÇëI=íÜÉëÉ=Éëíáã~íÉë=~êÉ=ìåÅÉêí~áå=ÇìÉ=íç=íÜÉ=êÉÇìÅÉÇ=åìãÄÉê=çÑ=Ç~í~=NTQ=
éçáåíë=áå=íÜÉ=ÜáëíçêáÅ~ä=Ç~í~=çÑ=íÜÉ=ÜçìëáåÖ=ëíçÅâK=få=~ÇÇáíáçåI=íÜÉ=ÑìíìêÉ=é~ÅÉ=çÑ=ÄìáäÇáåÖ=ÇÉãçäáíáçå=~åÇ=NTR=
êÉéä~ÅÉãÉåí=ã~ó=ÅÜ~åÖÉ=Ñêçã=ÅìêêÉåí=íêÉåÇëK=qÜÉêÉÑçêÉI=áå=íÜáë=~å~äóëáë=ïÉ=Ü~îÉ=ÅçåëáÇÉêÉÇ=~=ê~åÖÉ=çÑ=NTS=
î~äìÉë=çÑ=íÜÉ=ëÜ~éÉ=é~ê~ãÉíÉê=(𝛾)=çÑ=íÜÉ=tÉáÄìää=ÇáëíêáÄìíáçå=Eêçïë=^=~åÇ=`=çÑ=q~ÄäÉ=NFK=qÜáë=é~ê~ãÉíÉê=NTT=
ÇÉíÉêãáåÉë=íÜÉ=ê~íÉë=çÑ=ÇÉãçäáíáçåI=~åÇ=íÜìë=íÜÉ=î~êáçìë=äÉîÉäë=çÑ=𝛾=ìëÉÇ=áå=íÜáë=~å~äóëáë=~êÉ=ìëÉÇ=íç=íÉëí=NTU=
íÜÉ= ÉÑÑÉÅíë= çÑ= ÇáÑÑÉêÉåí= êÉÖáãÉë= çÑ= ÑìíìêÉ= ê~íÉë= çÑ= ÇÉãçäáíáçå= çÑ= ÄìáäÇáåÖëK= qÜÉ= î~äìÉë= çÑ= íÜÉ= ëÜ~éÉ=NTV=
é~ê~ãÉíÉêI=~åÇ=ÜÉåÅÉ=íÜÉ=ê~íÉ=çÑ=ÇÉãçäáíáçå=çÑ=ÄìáäÇáåÖëI=Å~å=ÄÉ=ÉñéêÉëëÉÇ=áå=íÉêãë=çÑ=~=ãçêÉ=áåíìáíáîÉ=NUM=
ãÉíêáÅW=íÜÉ=~ÖÉ=ÄÉóçåÇ=ïÜáÅÜ=íÜÉ=éêçÄ~Äáäáíó=çÑ=ëìêîáî~ä=áë=äÉëë=íÜ~å=NMBI=ïÜáÅÜ=áåÇáÅ~íÉë=íÜÉ=~ÖÉ=~í=ïÜáÅÜ=NUN=
ãçëí=ÄìáäÇáåÖë=EVMBF=Ü~îÉ=~äêÉ~Çó=ÄÉÉå=ÇÉãçäáëÜÉÇK=qÜáë=ÅçêêÉëéçåÇÉåÅÉ=áë=éêÉëÉåíÉÇ=áå=q~ÄäÉ=N=~åÇ=íÜÉ=NUO=
Å~äÅìä~íáçå=ÇÉí~áäë=~êÉ=ëÜçïå=áå=ëÉÅíáçå=N=çÑ=íÜÉ=ëìééäÉãÉåí~êó=áåÑçêã~íáçå=ÑáäÉK=NUP=
Table 1. Parameters of the Weibull distribution used to model the dynamics of the housing stock. Parameters NUQ=
in row B were regressed from historical demolition rates reported by the Department for Communities and NUR=
Local Government (2016, 2017) and are used for baseline scenario projections unless stated otherwise. NUS=
= tÉáÄìää=é~ê~ãÉíÉêë=
^îÉê~ÖÉ=äáÑÉíáãÉ=EóÉ~êëF=
^ÖÉ=ÄÉóçåÇ=ïÜáÅÜ=íÜÉ=
éêçÄ~Äáäáíó=çÑ=ëìêîáî~ä=áë=
äÉëë=íÜ~å=NMB=EóÉ~êëF== 𝛼= 𝛾=
^= RSKOP= NKTT= RM= VM=
_= RSKOP= NKOU= RO= NMT=
`= RSKOP= MKUR= SN= NRM=
=NUT=
3.2. Impacts of the housing stock NUU=
_çíÜ= íÜÉ= çéÉê~íáçå= ~åÇ= ÅçåëíêìÅíáçå= çÑ= ÄìáäÇáåÖë= ÖÉåÉê~íÉë= ded= ÉãáëëáçåëK= qÜÉ= pí~åÇ~êÇ= bk=NUV=
NRVTUWOMNN=Ñçê=íÜÉ=~ëëÉëëãÉåí=çÑ=ÉåîáêçåãÉåí~ä=éÉêÑçêã~åÅÉ=çÑ=ÄìáäÇáåÖë=E_pfI=OMNNF=ÇÉÑáåÉë=íÜÉ=î~êáçìë=NVM=
ëí~ÖÉë=çÑ=ÉåîáêçåãÉåí~ä=~ëëÉëëãÉåí=áå=ÄìáäÇáåÖëK=eçïÉîÉêI=ãçëí=Éãáëëáçåë=~êÉ=~ëëçÅá~íÉÇ=ïáíÜ=ÉåÉêÖó=ìëÉë=NVN=
áå=ÄìáäÇáåÖë=~åÇ=ã~íÉêá~ä=éêçÇìÅíáçåK=qÜìë=áå=íÜáë=~å~äóëáëI=çåäó=~=ëìÄëÉí=çÑ=íÜÉëÉ=ãçÇìäÉë=áë=ÅçåëáÇÉêÉÇW=NVO=
ãçÇìäÉë=^NÓ^P=Ñçê=ÄìáäÇáåÖ=ÅçåëíêìÅíáçå=EÜÉêÉ~ÑíÉê=ÉãÄçÇáÉÇ=ÉãáëëáçåëF=~åÇ=ãçÇìäÉ=_S=Ñçê=ÄìáäÇáåÖ=ìëÉ=NVP=
EÜÉêÉ~ÑíÉê=çéÉê~íáçå~ä= ÉãáëëáçåëFK=qÜÉ=åÉñí= ëÉÅíáçåë=ÇÉëÅêáÄÉ= íÜÉ=~ééêç~ÅÜ=ìëÉÇ= íç=Éëíáã~íÉ=ÉãÄçÇáÉÇ=NVQ=
Éãáëëáçåë=EëÉÅíáçå=PKOKNF=~åÇ=çéÉê~íáçå~ä=Éãáëëáçåë=EëÉÅíáçå=PKOKOF=çÑ=íÜÉ=ÅìêêÉåí=~åÇ=ÑìíìêÉ=ÜçìëáåÖ=ëíçÅâK=NVR=
3.2.1. Embodied emissions NVS=
bãÄçÇáÉÇ=Éãáëëáçåë=çÑ=ÄìáäÇáåÖë=~êÉ=íÜÉ=Éãáëëáçåë=êÉèìáêÉÇ=íç=áåáíá~ääó=éêçÇìÅÉ=~=ÄìáäÇáåÖI=~åÇ=áå=íÜáë=NVT=
~å~äóëáë=ïÉ=ÅçåëáÇÉê=íÜÉ=Éãáëëáçåë=~ëëçÅá~íÉÇ=íç=íÜÉ=éêçÇìÅíáçå=çÑ=ëíêìÅíìê~ä=ã~íÉêá~äëK=_ìáäÇáåÖë=ìëÉ=ïáÇÉ=NVU=
ê~åÖÉ=çÑ=ã~íÉêá~äëI=Äìí=ëíÉÉäI=ÅçåÅêÉíÉI=~åÇ=ÄêáÅâë=~êÉ=ÅçåëáëíÉåíäó=áÇÉåíáÑáÉÇ=~ë=íÜÉ=ã~áå=ÅçåíêáÄìíçêë=íç=NVV=
ÉãÄçÇáÉÇ=ÉãáëëáçåëI=ÄçíÜ=ÄÉÅ~ìëÉ=íÜÉëÉ=ã~íÉêá~äë=~êÉ=êÉëéçåëáÄäÉ=Ñçê=íÜÉ=ÜáÖÜÉëí=Éãáëëáçåë=éêçÇìÅÉÇ=éÉê=OMM=
ìåáí=çÑ=ã~ëë=~åÇ=ÄÉÅ~ìëÉ=çÑ=íÜÉ=ä~êÖÉ=èì~åíáíáÉë=ìëÉÇ=éÉê=ÄìáäÇáåÖK=eçïÉîÉêI=båÖäáëÜ=ÜçìëáåÖ=ëí~íáëíáÅë=OMN=
EaÉé~êíãÉåí=Ñçê=`çããìåáíáÉë=~åÇ=içÅ~ä=dçîÉêåãÉåíI=OMNSI=OMNTF=ëÜçï=íÜ~í=VSB=çÑ=ÅìêêÉåí=ÇïÉääáåÖë=OMO=
ïÉêÉ=Äìáäí=ìëáåÖ=ÉáíÜÉê=ã~ëçåêó=Å~îáíó=çê=ëçäáÇ=ÄêáÅâ=ï~ääëI=~åÇ=íÜìë=íÜÉ=~ãçìåí=çÑ=ëíÉÉä=ìëÉÇ=áå=ÇçãÉëíáÅ=OMP=
ÄìáäÇáåÖë=áë=åÉÖäáÖáÄäÉ=Åçãé~êÉÇ=íç=íÜÉ=ÅçåÅêÉíÉI=ãçêí~êI=çê=ÄêáÅâëK=qÜÉêÉÑçêÉI=áå=íÜáë=~å~äóëáë=ÉãÄçÇáÉÇ=OMQ=
Éãáëëáçåë= ïÉêÉ= Éëíáã~íÉÇ= ÅçåëáÇÉêáåÖ= çåäó= ã~íÉêá~ä= éêçÇìÅíáçå= Éãáëëáçåë= ~ëëçÅá~íÉÇ= ïáíÜ= ÅçåÅêÉíÉI=OMR=
ãçêí~êI=~åÇ=ÄêáÅâëI=ÅçåëáÇÉêáåÖ=íÜ~í=åÉï=ÇïÉääáåÖë=ïáää=ÄÉ=Äìáäí=ìëáåÖ=ã~ëçåêó=Å~îáíó=ï~ääë=ïáíÜ=ÅçåÅêÉíÉ=OMS=
ÄäçÅâëK= ^äíÜçìÖÜ= íÜáë= áë= ~= äáãáíÉÇ= ëÅçéÉ= çÑ= ÉãÄçÇáÉÇ= ÉãáëëáçåëI= áí= áåÅäìÇÉë= íÜÉ=ãçëí= ìÄáèìáíçìë= ~åÇ=OMT=
ÉãáëëáçåëJáåíÉåëáîÉ=ã~íÉêá~äëI=ëáåÅÉ=~äãçëí=åç=ëíÉÉä=áë=ìëÉÇ=áå=ÇçãÉëíáÅ=ÄìáäÇáåÖ=ÅçåëíêìÅíáçå=áå=íÜÉ=rhK=OMU=
bãÄçÇáÉÇ=Éãáëëáçåë=çÑ=çíÜÉê=ÅçåëíêìÅíáçå=ã~íÉêá~äëI=íê~åëéçêíI=çå=ëáíÉ=ÄìáäÇáåÖ=ÅçåëíêìÅíáçå=~ÅíáîáíáÉëI=OMV=
= T=
ã~íÉêá~ä=ìëÉ=Ñçê=ã~áåíÉå~åÅÉI=êÉé~áê=~åÇ=êÉéä~ÅÉãÉåíI=~åÇ=ÉåÇJçÑJäáÑÉ=íêÉ~íãÉåí=çÑ=ÇÉãçäáëÜÉÇ=ã~íÉêá~äë=ONM=
~êÉ=åçí=áåÅäìÇÉÇ=áå=íÜáë=~å~äóëáëK=ONN=
cçê=íÜÉ=ë~ãÉ=ÅçåëíêìÅíáçå=ã~íÉêá~äëI=ÉãÄçÇáÉÇ=Éãáëëáçåë=ÇÉéÉåÇ=çå=íÜÉ=ã~ëë=çÑ=íÜÉëÉ=ã~íÉêá~äë=ìëÉÇ=áå=ONO=
åÉï=ÅçåëíêìÅíáçåK=j~ëë=çÑ=É~ÅÜ=ã~íÉêá~ä=𝑖=áë=Éëíáã~íÉÇ=Ñêçã=îçäìãÉ=çÑ=ï~ääë=~åÇ=Ñäççêë=Ñçê=éêçàÉÅíÉÇ=åÉï=ONP=
ÅçåëíêìÅíáçå=~êÉ~=çÄí~áåÉÇ=Ñêçã=íÜÉ=ëíçÅâ=ãçÇÉä=ÇÉëÅêáÄÉÇ=áå=ëÉÅíáçå=PKNKOK=bãÄçÇáÉÇ=Éãáëëáçåë=(𝐸)=~êÉ=ONQ=
íÜìë=çÄí~áåÉÇ=~ÅÅçêÇáåÖ=íç=Éèì~íáçå=EQF=~ë=~=ëìã=çÑW=ONR=
• bãÄçÇáÉÇ=Éãáëëáçåë=çÑ=ï~ääëW=~=ÑìåÅíáçå=çÑ=íÜÉ=íçí~ä=äÉåÖíÜ=çÑ=ï~ääë=áå=åÉï=ÅçåëíêìÅíáçå=(𝑙)I=íÜÉ=ONS=
~îÉê~ÖÉ=ïáÇíÜ=(𝑤)=~åÇ=ÜÉáÖÜí=(ℎ)=çÑ=ï~ääëI=~åÇ=ÇÉåëáíó=(𝑑&)=~åÇ=Éãáëëáçåë=áåíÉåëáíó=éÉê=ìåáí=çÑ=ONT=
ã~ëë=(𝑒&)=çÑ=É~ÅÜ=ã~íÉêá~ä=𝑖K=ONU=
• bãÄçÇáÉÇ=Éãáëëáçåë=çÑ=ÑäççêëW=~=ÑìåÅíáçå=çÑ=íçí~ä=Ñäççê=~êÉ~=(𝐴)I=åìãÄÉê=çÑ=Ñäççêë=(𝑓)I=ÇÉéíÜ=çÑ=ONV=
Ñäççê=ëä~Äë=(𝑝)I=~åÇ=ÇÉåëáíó=(𝑑W)=~åÇ=Éãáëëáçåë=áåíÉåëáíó=éÉê=ìåáí=çÑ=ã~ëë=çÑ=ÅçåÅêÉíÉ=(𝑒W)K=OOM=
^=ÇÉí~áäÉÇ=äáëí=çÑ=íÜÉëÉ=é~ê~ãÉíÉêë=áë=éêÉëÉåíÉÇ=áå=ëÉÅíáçå=O=çÑ=íÜÉ=ëìééäÉãÉåí~êó=áåÑçêã~íáçå=ÑáäÉK=OON=
= 𝐸 = 𝑙𝑤ℎD𝑑&𝑒&& + 𝐴𝑓𝑝𝑑W𝑒W= EQF=
3.2.2. Operational emissions OOO=
léÉê~íáçå~ä=Éãáëëáçåë=ÇÉéÉåÇ=ãçëíäó=çå=íÜÉ=ÉåÉêÖó=ìëÉë=áåëáÇÉ=ÄìáäÇáåÖëI=ÜÉåÅÉ=Éãáëëáçåë=~ëëçÅá~íÉÇ=ïáíÜ=OOP=
ã~áåíÉå~åÅÉ=~åÇ=êÉéä~ÅÉãÉåí=ÇìêáåÖ=ÄìáäÇáåÖ=çéÉê~íáçå=~êÉ=åçí=áåÅäìÇÉÇK=eçìëáåÖ=ëí~íáëíáÅë=EaÉé~êíãÉåí=OOQ=
Ñçê=`çããìåáíáÉë=~åÇ=içÅ~ä=dçîÉêåãÉåíI=OMNSI=OMNTF=êÉéçêí=~å=båîáêçåãÉåí~ä=fãé~Åí=o~íáåÖ=EbfoF=Ñçê=OOR=
É~ÅÜ=ÇïÉääáåÖ=áå=båÖä~åÇI=~ÅÅçêÇáåÖ=íç=íÜÉáê=~ååì~ä=çéÉê~íáçå~ä=Éãáëëáçåë=áå=~=ëÅ~äÉ=Ñêçã=M=íç=NMMK=ej=OOS=
dçîÉêåãÉåí= EOMNQF= áåëíêìÅíë= íÜ~í= íÜÉ=Éãáëëáçåë=ìëÉÇ= áå= íÜÉ=Å~äÅìä~íáçå=çÑ= íÜÉ=bfo=ëÜçìäÇ= áåÅäìÇÉ= íÜÉ=OOT=
ÇáêÉÅí=Éãáëëáçåë=çÑ=ÑìÉä=ÅçãÄìëíáçå=Ñçê=ï~íÉê=~åÇ=ëé~ÅÉ=ÜÉ~íáåÖ=~åÇ=íÜÉ=Éãáëëáçåë=çÑ=ÖÉåÉê~íáåÖ=ÉäÉÅíêáÅáíó=OOU=
ìëÉÇ=ï~íÉê=~åÇ=ëé~ÅÉ=ÜÉ~íáåÖ=çê=ÅççäáåÖ=~åÇ=äáÖÜíáåÖK=qÜáë=ÖçîÉêåãÉåí=ëí~åÇ~êÇ=Eej=dçîÉêåãÉåíI=OMNQF=OOV=
~äëç=ÇÉÑáåÉë=Üçï=íÜÉ=bfo=Å~å=ÄÉ=ÅçåîÉêíÉÇ=Ä~Åâ=áåíç=~ååì~ä=Éãáëëáçåë=(𝑂	in	annual	kg	CO])=ìëáåÖ=Éèì~íáçå=OPM=
ERFI=ÖáîÉå=íÜÉ=Ñäççê=~êÉ~=(𝐴	in	m])=çÑ=É~ÅÜ=ÇïÉääáåÖK=OPN=
= 𝑂 = _(𝐴 + 45) × 10deL1f0ghifj k,			if	 𝑂𝐴 + 45 ≥ 28.3(𝐴 + 45) × 100 − 𝐸𝐼𝑅1.34 ,			if	 𝑂𝐴 + 45 < 28.3= ERF=
=OPO=
cçê= É~ÅÜ= ÇïÉääáåÖI= ÉèK= ERF= éêçîáÇÉë= ~å= Éëíáã~íÉ= çÑ= çéÉê~íáçå~ä= Éãáëëáçåë= Ñçê= éÉêã~åÉåíäó= çÅÅìéáÉÇ=OPP=
ÄìáäÇáåÖëK=qÜÉ=båÖäáëÜ=eçìëáåÖ= pìêîÉó= EaÉé~êíãÉåí= Ñçê=`çããìåáíáÉë= ~åÇ=içÅ~ä=dçîÉêåãÉåíI= OMNTF=OPQ=
êÉéçêíÉÇ=íÜ~í=QKMB=çÑ=ÇïÉääáåÖë=Äó=Ñäççê=~êÉ~=ïÉêÉ=î~Å~åí=áå=OMNPI=QVB=çÑ=ïÜáÅÜ=ïÉêÉ=î~Å~åí=áå=íÜÉ=OPR=
äçåÖJíÉêãK=qÜÉëÉ= ÑáÖìêÉë= ~êÉ= ìëÉÇ= ~ë= Åçåëí~åíë= íç= Éëíáã~íÉ= ÑìíìêÉ= çéÉê~íáçå~ä= ÉãáëëáçåëI= ~ëëìãáåÖ=åç=OPS=
çéÉê~íáçå~ä=Éãáëëáçåë=áå=äçåÖJíÉêã=î~Å~åí=ÇïÉääáåÖë=~åÇ=RMB=çÑ=çéÉê~íáçå~ä=Éãáëëáçåë=çÄí~áåÉÇ=Ñêçã=ÉèK=OPT=
ERF=Ñçê=ëÜçêíJíÉêã=î~Å~åí=ÇïÉääáåÖëK=OPU=
cìíìêÉ=çéÉê~íáçå~ä=Éãáëëáçåë=Ñçê=çÅÅìéáÉÇ=ÇïÉääáåÖë=Å~å=ÄÉ=Éëíáã~íÉÇ=ìëáåÖ=íÜÉ=áåáíá~ä=î~äìÉë=çÄí~áåÉÇ=OPV=
Ñêçã=ÉèK=ERF=~åÇ=Äó=~ëëìãáåÖ=íÜÉ=é~ÅÉë=çÑ=áãéäÉãÉåí~íáçå=çÑ=áãéêçîÉÇ=ëí~åÇ~êÇë=Ñçê=åÉï=~åÇ=ÉñáëíáåÖ=OQM=
ÄìáäÇáåÖë=ÇÉëÅêáÄÉÇ= áå=q~ÄäÉ= OK=qÜÉ=båÖäáëÜ=ÜçìëáåÖ= ëìêîÉó= EaÉé~êíãÉåí= Ñçê=`çããìåáíáÉë= ~åÇ=içÅ~ä=OQN=
dçîÉêåãÉåíI= OMNTF= êÉéçêíë= Çáë~ÖÖêÉÖ~íÉÇ= áåÑçêã~íáçå= Äó= ~ÖÉ= ~åÇ= íóéÉ= çÑ=ï~ää= ëíêìÅíìêÉI= íÜìë= ÑìíìêÉ=OQO=
Éëíáã~íÉë=ÅçåëáÇÉê=íÜÉ=ÉÑÑÉÅí=çÑ=ÅÜ~åÖÉë=áå=çéÉê~íáçå~ä=Éãáëëáçåë=çÑ=åÉï=ÄìáäÇáåÖë=ÄÉíïÉÉå=åçï=~åÇ=OMRM=OQP=
~åÇ=êÉÑìêÄáëÜãÉåí=áåíÉêîÉåíáçåë=íÜ~í=áãéêçîÉ=çéÉê~íáçå~ä=Éãáëëáçåë=çÑ=ÉñáëíáåÖ=ÄìáäÇáåÖë=Ñçê=É~ÅÜ=ÅçÜçêí=OQQ=
~åÇ=íóéÉ=çÑ=ï~ää=ëíêìÅíìêÉK=OQR=
= U=
rëáåÖ= Ç~í~= Ñêçã= íÜÉ= ãçëí= êÉÅÉåí= båÖäáëÜ= ÜçìëáåÖ= ëìêîÉó= EaÉé~êíãÉåí= Ñçê= `çããìåáíáÉë= ~åÇ= içÅ~ä=OQS=
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Figure 3. Operational emissions and composition by floor area of the English housing stock in 2013 by year of OSM=
construction and by type of wall structure, regardless of any insulation (Department for Communities and Local OSN=
Government, 2017). OSO=
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3.3. Rates of future improvement of building standards OSQ=
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Table 2. Average operational emissions of existing and new constructed buildings in 2050 for four different OUN=
strategies of implementation of new standards. OUO=
píê~íÉÖáÉë=
^îÉê~ÖÉ=çéÉê~íáçå~ä=Éãáëëáçåë=áå=OMRM=
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EÇF ^ää=éçëíJOMNU=ÅçåëíêìÅíáçå=~êÉ=òÉêçJÅ~êÄçå=ÜçìëÉë=Äó=OMRMI=
~åÇ=éêÉJOMNU=ÄìáäÇáåÖë=~êÉ=êÉÑìêÄáëÜÉÇ=ìé=íç=íÜÉ=ëí~åÇ~êÇë=çÑ=
OMNU=åÉï=ÅçåëíêìÅíáçå=Äó=OMRMK=
MKM= NVKN=
=OUP=
4. Potential for emissions savings of alternative strategies OUQ=
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Figure 4. Emissions savings from current levels (0% = 129 Mt CO2 / year; –100% = 0 Mt CO2 / year) that would PMS=
be achieved by 2050 for various levels of demand for housing (in terms of change of current floor area per PMT=
capita within the ranges represented in Figure 2) and demolishing rates (in terms of the age beyond which the PMU=
probability of survival is less than 10%, calculated using the Weibull parameters of Table 1 and eq.(7) of the PMV=
supplementary information file) for each of the four levels of implementation of buildings standards (a) to (d) PNM=
described in Table 2. The dashed lines shown the current values for both axes. The contour in blue represents PNN=
the desired 66% emissions reduction by 2050. PNO=
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Figure 5. Estimated annual construction requirements until 2050 for various levels of demand for floor area per POP=
capita and demolition rates. POQ=
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Figure 6. Emissions savings by 2050 and costs involved in implementing the improved standards for new and PQM=
existing buildings described in Table 2 compared to a scenario of no change in current practice (strategy (a) PQN=
from Table 2, here represented with a blue line). (a) Effect of varying demand for floor area per capita from -PQO=
10% to +10% by 2050; central line for no change from current floor area per capita. (b) Effect of varying PQP=
demolition rates — age beyond which the probability of survival is less than 10% (t10) varying from 90 to 150 PQQ=
years; central line for current rate (t10 = 107 years). PQR=
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Figure 7. Emissions savings by 2050 and costs involved in implementing the most demanding scenario of Table PRV=
2 for various levels share of GDP used in construction and for two timescales: (a) immediate progressive PSM=
adoption of improved standards, (b) delayed start in 2030, and (c) delayed start in 2035. An annual GDP growth PSN=
rate of 2% is assumed until 2050. PSO=
=PSP=
= NQ=
5. Discussion PSQ=
qÜÉ=êÉëìäíë=éêÉëÉåíÉÇ=áå=ëÉÅíáçå=Q=ëÜçï=íÜ~í=éêçÖêÉëë=áå=íÜÉ=ìëÉ=çÑ=äçï=Å~êÄçå=ã~íÉêá~äë=áå=ÅçåëíêìÅíáçå=PSR=
~åÇ=íÜÉ=ÇÉéäçóãÉåí=çÑ=òÉêçJÅ~êÄçå=ÄìáäÇáåÖë=~í=ëÅ~äÉ=ïçìäÇ=äáâÉäó=åçí=ÄÉ=ÉåçìÖÜ=íç=ÇÉäáîÉê=~=êÉÇìÅíáçå=PSS=
çÑ= ÄìáäÇáåÖ= Éãáëëáçåë= çÑ= íÜÉ= ëÅ~äÉ= êÉèìáêÉÇ= å~íáçå~ääó= íç= ãÉÉí= ÉñáëíáåÖ= í~êÖÉíë= Äó= OMRMK= bîÉêó= óÉ~êI=PST=
çéÉê~íáçå~ä=Éãáëëáçåë=~êÉ=çåÉ=çêÇÉê=çÑ=ã~ÖåáíìÇÉ=ÖêÉ~íÉê=íÜ~å=ÉãÄçÇáÉÇ=Éãáëëáçåë=çÑ=åÉï=ÅçåëíêìÅíáçå=PSU=
~åÇ=íÜìë=ãÉÉíáåÖ=ÉñáëíáåÖ=í~êÖÉíë=ïçìäÇ=çåäó=ÄÉ=éçëëáÄäÉ=ïáíÜ=~å=áãéêçîÉãÉåí=áå=ÉåÉêÖó=ëí~åÇ~êÇë=Ñçê=PSV=
ÄçíÜ=åÉï=~åÇ=éêÉJÉñáëíáåÖ=ÅçåëíêìÅíáçåK=qÜáë=ÅçåÑáêãë=íÜÉ=ÅçåÅÉêåë=ê~áëÉÇ=Äó=dáÉëÉâ~ã=Éí=~äK=EOMNQFX=~åÇ=PTM=
dáÉëÉâ~ã=Éí=~äK= EOMNSF= êÉÖ~êÇáåÖ= íÜÉ=åÉÉÇ= Ñçê= ÑìêíÜÉê=éçäáÅó= áåíÉêîÉåíáçå= íç=éêçãçíÉ=ÄÉííÉê=ÄìáäÇáåÖë=PTN=
ëí~åÇ~êÇëI=Äó=ëÜçïáåÖ=íÜ~í=íÜÉ=ã~áåíÉå~åÅÉ=çÑ=ÅìêêÉåí=éê~ÅíáÅÉë=Ñ~áäë=íç=ÇÉäáîÉê=ãÉ~åáåÖÑìä=ë~îáåÖë=Äó=PTO=
OMRM=Ñçê=~åó=êÉ~ëçå~ÄäÉ=ÅÜ~åÖÉë=áå=íÜÉ=çÅÅìé~åÅó=çÑ=ÇïÉääáåÖë=çê=áå=íÜÉ=ê~íÉ=çÑ=ÇÉãçäáíáçå=EcáÖìêÉ=QFK=PTP=
qê~åëÑçêã~íáçåë= áå= íÜÉ= ÄìáäÇáåÖ= ëíçÅâ= ~êÉ= îÉêó= ëäçïI= ÖáîÉå= íÜÉ= äçåÖ= äáÑÉíáãÉ= çÑ= ÄìáäÇáåÖëK= qÜìëI= ~=PTQ=
éêçÖêÉëëáîÉ=áãéêçîÉãÉåí=áå=åÉï=ÅçåëíêìÅíáçå=ëí~åÇ~êÇë=íç=~å=~îÉê~ÖÉ=çÑ=òÉêçJÅ~êÄçå=ÄìáäÇáåÖë=Ñçê=~ää=PTR=
åÉï=ÅçåëíêìÅíáçå=Äó=OMRM=áë=åçí=ÉåçìÖÜ=íç=ÇÉäáîÉê=íÜÉ=êÉèìáêÉÇ=Éãáëëáçåë=ë~îáåÖëK=^ÅÜáÉîáåÖ=íÜÉëÉ=ë~îáåÖë=PTS=
êÉèìáêÉë=íÜÉ=êÉÑìêÄáëÜãÉåí=çÑ=éêÉJÉñáëíáåÖ=ÄìáäÇáåÖëI=ÄÉÅ~ìëÉ=çÑ=íÜÉ=áåÉêíá~=çÑ=ÄìáäÇáåÖ=ëíçÅâëK=^äíÜçìÖÜ=PTT=
ëÜçêíÉê= ÄìáäÇáåÖ= äáÑÉíáãÉë= ~åÇ= ÜáÖÜÉê= ÇÉãçäáíáçå= ê~íÉë= ïçìäÇ= ÄÉ= ~ÄäÉ= íç= ~ÅÅÉäÉê~íÉ= íÜÉ= êÉÇìÅíáçå= çÑ=PTU=
çéÉê~íáçå~ä=Éãáëëáçåë=áå=ÄìáäÇáåÖëI=íÜÉ=Åçëíë=~ëëçÅá~íÉÇ=ïáíÜ=ÜáÖÜ=äÉîÉäë=çÑ=åÉï=ÅçåëíêìÅíáçå=ëÉÉã=äáâÉäó=PTV=
íç=äáãáí=íÜáë=çéíáçåK=páãáä~êäóI=êÉíêçÑáííáåÖ=~ää=ÉñáëíáåÖ=ÇïÉääáåÖë=ERQKO=âÖ=`lO=L=ãOF=íç=íÜÉ=ë~ãÉ=ëí~åÇ~êÇë=PUM=
çÑ=ÅìêêÉåí=åÉï=ÄìáäÇáåÖë=ÅçåëíêìÅíáçå=ENVKN=âÖ=`lO=L=ãOI=ëíê~íÉÖó=EÄF=çÑ=q~ÄäÉ=OF=ïçìäÇ=ÄÉ=~ÄäÉ=íç=ÇÉäáîÉê=PUN=
ëìÄëí~åíá~ä= Éãáëëáçå= ë~îáåÖëI= Äìí= íÜÉ= Åçëíë= çÑ= êÉÑìêÄáëÜãÉåí= ~í= íÜ~í= ëÅ~äÉ= ïçìäÇ= äáâÉäó= ÄÉ= ëÉÉå= ~ë=PUO=
ìåêÉ~ëçå~ÄäÉK=PUP=
qÜÉ=~îÉê~ÖÉ=ÇïÉääáåÖ=Ñäççê=~êÉ~=éÉê=Å~éáí~=áå=båÖä~åÇ=áë=~äêÉ~Çó=çåÉ=çÑ=íÜÉ=äçïÉëí=áå=tÉëíÉêå=bìêçéÉI=Äìí=PUQ=
ÑìíìêÉ= ÅÜ~åÖÉë= áå= çÅÅìé~åÅó= çÑ= ÇïÉääáåÖë= çê= íÜÉ= ~îÉê~ÖÉ= ~êÉ~= éÉê= ÇïÉääáåÖ= ëÉÉã= íç= Ü~îÉ= áãéçêí~åí=PUR=
áãéäáÅ~íáçåë=áå=ÇÉíÉêãáåáåÖ=ÑìíìêÉ=Åçëíë=~åÇ=éçíÉåíá~ä=Ñçê=Éãáëëáçåë=êÉÇìÅíáçåK=^=êÉÇìÅíáçå=çÑ=NMB=çÑ=PUS=
ÅìêêÉåí= Ñäççê= ~êÉ~= éÉê= Å~éáí~= Äó= OMRM=ïçìäÇ= ÄÉ= ~ÄäÉ= íç= êÉÇìÅÉ= çéÉê~íáçå~ä= Éãáëëáçåë= Äó= ìé= íç= PMB=PUT=
Åçãé~êÉÇ=íç=åçí=ÅÜ~åÖáåÖ=ÅìêêÉåí=éê~ÅíáÅÉë=~í=íÜÉ=ë~ãÉ=çê=ÉîÉå=äçïÉê=ÅçëíëK=qÜáë=ïçìäÇ=ÄÉ=ãçíáî~íÉÇ=Äó=PUU=
~=êÉéä~ÅÉãÉåí=çÑ=ãçêÉ=~êÉ~=çÑ=çäÇ=~åÇ=áåÉÑÑáÅáÉåí=ÜçìëÉë=Äó=äÉëë=~êÉ~=çÑ=åÉï=~åÇ=ÉÑÑáÅáÉåí=ÅçåëíêìÅíáçå=PUV=
ìåíáä=OMRMK=eçïÉîÉêI=íÜÉ=éçíÉåíá~ä=Ñçê=Éãáëëáçåë=êÉÇìÅíáçå=áå=íÜÉ=ÜçìëáåÖ=ëíçÅâ=áë=ÅêáíáÅ~ääó=ÇÉéÉåÇÉåí=çå=PVM=
íÜÉ= äÉîÉäë= çÑ= ÉñéÉåÇáíìêÉK= råíáä= OMRMI= éçéìä~íáçå= ÖêçïíÜ=ïáää= äáâÉäó= äÉ~Ç= íç= ÜáÖÜÉê= ÇÉã~åÇ= Ñçê= åÉï=PVN=
ÅçåëíêìÅíáçåI=éêçÄ~Ääó=ìé=íç=íïç=íç=ÑçìêÑçäÇ=íÜÉ=~îÉê~ÖÉ=çÑ=íÜÉ=ä~ëí=ÇÉÅ~ÇÉ=EcáÖìêÉ=RFK=qÜáë=é~ÅÉ=çÑ=åÉï=PVO=
ÅçåëíêìÅíáçå=~åÇ=íÜÉ=åÉÉÇ=íç=êÉÑìêÄáëÜ=éêÉJÉñáëíáåÖ=ÇïÉääáåÖë=áë=Åçëíäó=~åÇ=ïáää=êÉèìáêÉ=ä~êÖÉê=ÄìÇÖÉíë=íÜ~å=PVP=
Ü~îÉ=ÄÉÉå=ëéÉåí=ÜáëíçêáÅ~ääóK=j~áåí~áåáåÖ=~å=~îÉê~ÖÉ=~ååì~ä=ÉñéÉåÇáíìêÉ=çÑ=NKTB=çÑ=dam=áå=ÇçãÉëíáÅ=PVQ=
ÅçåëíêìÅíáçå= ïáää= äáãáí= íÜÉ= éçíÉåíá~ä= Ñçê= Éãáëëáçåë= êÉÇìÅíáçå= Äó= ~äãçëí= RMBK= cçê= íÜÉëÉ= äÉîÉäë= çÑ=PVR=
ÉñéÉåÇáíìêÉI=áí=ïçåÛí=ÄÉ=éçëëáÄäÉ=íç=ëìééäó=~ää=åÉï=ÄìáäÇáåÖ=êÉèìáêÉãÉåíë=ÇÉã~åÇÉÇ=Äó=éçéìä~íáçå=ÖêçïíÜ=PVS=
Ñçê=ÅìêêÉåí=äÉîÉäë=çÑ=Ñäççê=~êÉ~=éÉê=Å~éáí~K=bëíáã~íÉÇ=éçíÉåíá~ä=Ñçê=Éãáëëáçåë=ë~îáåÖë=Å~å=çåäó=ÄÉ=êÉ~äáëÉÇ=PVT=
ïáíÜ= ÉñéÉåÇáíìêÉë=çÑ= ~êçìåÇ=RB=çÑ=dam=éÉê=óÉ~ê= áå=ÇçãÉëíáÅ=ÜçìëáåÖK=eçïÉîÉêI= ~= êÉÇìÅíáçå= áå= íÜÉ=PVU=
ÇÉã~åÇ=Ñçê=Ñäççê=~êÉ~=éÉê=Å~éáí~=Å~å=ëìÄëí~åíá~ääó=êÉÇìÅÉ=Åçëíë=~åÇ=ÉåÜ~åÅÉ=Éãáëëáçåë=ë~îáåÖëK=PVV=
^=êÉÇìÅíáçå=áå=íÜÉ=ÇÉã~åÇ=Ñçê=Ñäççê=~êÉ~=éÉê=Å~éáí~=êÉÇìÅÉë=íÜÉ=íçí~ä=Åçëíë=ïáíÜ=ÇçãÉëíáÅ=ÜçìëáåÖI=ÄçíÜ=QMM=
ïáíÜ= êÉÑìêÄáëÜãÉåí= ~åÇ= åÉï= ÅçåëíêìÅíáçåI= ~åÇ= íÜìë= áåÅêÉ~ëÉë= íÜÉ= äáâÉäáÜççÇ= çÑ= Éãáëëáçåë= ë~îáåÖë= áå=QMN=
ÄìáäÇáåÖë=~í=íÜÉ=ëÅ~äÉ=êÉèìáêÉÇ=Äó=OMRMK=b~ÅÜ=ÇïÉääáåÖ=áå=båÖä~åÇ=çå=~îÉê~ÖÉ=áë=ÜçãÉ=Ñçê=OKQ=éÉçéäÉI=Äìí=QMO=
É~ÅÜ=ÇïÉääáåÖ=áë=äáâÉäó=íç=ÄÉ=Éãéíó=Ñçê=ëÉîÉê~ä=Üçìêë=ÉîÉêó=Ç~óK=cäÉñáÄäÉ=ÇÉëáÖåë=íÜ~í=Éñé~åÇ=íÜÉ=ìëÉ=çÑ=QMP=
ëé~ÅÉëI=íÉäÉÅçããìíáåÖI=~åÇ=ÜçìëÉ=ëÜ~êáåÖ=~êÉ=çéíáçåë=Å~é~ÄäÉ=çÑ=áåÅêÉ~ëáåÖ=íÜÉ=åìãÄÉê=çÑ=~ÅíáîáíáÉë=~åÇ=QMQ=
ëÉêîáÅÉë=ÇçåÉ=~í=ÇïÉääáåÖëK=qÜÉëÉ=çéíáçåë=Ü~îÉ=Ñ~êJêÉ~ÅÜáåÖ=áãéäáÅ~íáçåë=Ñçê=ëçÅá~ä=çêÖ~åáë~íáçåI=ìêÄ~å=QMR=
éä~ååáåÖI=~êÅÜáíÉÅíìê~ä=ÇÉëáÖåëI=~åÇ=ä~åÇ=ìëÉI=Äìí=ïáää=Ü~îÉ=íç=ÄÉ=ÅçåëáÇÉêÉÇ=áå=~ÇÇáíáçå=íç=áãéêçîÉãÉåíë=QMS=
áå=ëí~åÇ~êÇë=çÑ=åÉï=ÄìáäÇáåÖ=ÅçåëíêìÅíáçå=~åÇ=ÉñíÉåëáîÉ=êÉÑìêÄáëÜãÉåí= áÑ=ãÉ~åáåÖÑìä=Éãáëëáçå=ë~îáåÖë=QMT=
Ñêçã=ÄìáäÇáåÖ=ìëÉ=~êÉ=íç=ÄÉ=ÇÉäáîÉêÉÇK=QMU=
cáÖìêÉ=R=ëìÖÖÉëíë=íÜ~í=íÜÉ=é~ÅÉ=çÑ=åÉï=ÄìáäÇáåÖ=ÅçåëíêìÅíáçå=áë=äáâÉäó=íç=~ÅÅÉäÉê~íÉK=qÜáë=çÑÑÉêë=~=éêáîáäÉÖÉÇ=QMV=
çééçêíìåáíó= íç= ÅÜ~åÖÉ= ëìÄëí~åíá~ääó= íÜÉ= Åçãéçëáíáçå= çÑ= íÜÉ= ÄìáäÇáåÖ= ëíçÅâ= ~åÇ= íç= êÉÇìÅÉ= çéÉê~íáçå~ä=QNM=
= NR=
Éãáëëáçåë=Ñçê=ÇÉÅ~ÇÉë=íç=ÅçãÉK=eçïÉîÉêI=~=ÇÉä~ó=áå=áãéäÉãÉåíáåÖ=áãéêçîÉÇ=ëí~åÇ~êÇë=ã~ó=êÉÇìÅÉ=íÜÉ=QNN=
ÉåîáêçåãÉåí~ä=ÄÉåÉÑáíë=Ñçê=íÜÉ=ë~ãÉ=ÅçëíëK=cáÖìêÉ=T=ëÜçïë=íÜ~í=~=ÇÉä~ó=ìåíáä=OMPM=áå=íÜÉ=áãéäÉãÉåí~íáçå=QNO=
çÑ=áãéêçîÉÇ=ëí~åÇ~êÇë=ã~ó=êÉëìäí=áå=~=êÉÇìÅíáçå=çÑ=ìé=íç=NRB=áå=íÜÉ=Éãáëëáçåë=ë~îáåÖë=çÄí~áåÉÇ=Äó=OMRM=QNP=
Ñçê=íÜÉ=ë~ãÉ=ÉñéÉåÇáíìêÉ= áå=íÜÉ=ÇïÉääáåÖ=ëíçÅâK=qÜÉêÉÑçêÉI=ìåäçÅâáåÖ=íÜÉ=ÖêÉ~íÉëí=Éãáëëáçåë=ë~îáåÖë=~í=QNQ=
ãáåáãìã= Åçëíë= êÉèìáêÉë= íÜÉ= áããÉÇá~íÉ= ~Ççéíáçå= çÑ= ÜáÖÜÉê= ëí~åÇ~êÇë= Ñçê= åÉï= ÅçåëíêìÅíáçå= ~åÇ= ~=QNR=
êÉÑìêÄáëÜãÉåí= ëÅÜÉÇìäÉ= Ñçê= éêÉJÉñáëíáåÖ= ÇïÉääáåÖëK= wÉêçJÅ~êÄçå= ÜçìëÉë= Å~å= ~äêÉ~Çó= ÄÉ= Äìáäí= ~í= äáííäÉ=QNS=
~ÇÇáíáçå~ä= Åçëíë= EiìÅçå= Éí= ~äKI= OMNQFI= ~åÇ= íÜìë= ~= éçäáÅó= ëÅÜÉÇìäÉ= íç= éêçÖêÉëëáîÉäó= áãéêçîÉ= êÉèìáêÉÇ=QNT=
ëí~åÇ~êÇë=çÑ=åÉï=ÅçåëíêìÅíáçå=ã~ó=ÑçëíÉê= íÜÉ=éÉêÑçêã~åÅÉ=çÑ=åÉï=ÇïÉääáåÖëK=oÉÑìêÄáëÜãÉåí=Åçëíë=~êÉ=QNU=
ÅçåëáÇÉê~ÄäÉI=Äìí=ÉëëÉåíá~ä=íç=ÇÉäáîÉê=íÜÉ=ëÅ~äÉ=çÑ=Éãáëëáçåë=êÉÇìÅíáçå=êÉèìáêÉÇ=íç=ãÉÉí=ÉñáëíáåÖ=í~êÖÉíëK=QNV=
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